This investigation was conducted at Barrage Station (BHRS), Horticultural Research, Kalubia Governorate, Egypt, to get some new and promising pea lines (Pisum sativum L.) using pure line selection method on the basis of genetic variability. Selection was performed between or within four pea populations of Master B cultivar. The populations were collected from four different regions in Egypt and subjected to selection procedure during
INTRODUCTION
Pea (Pisum sativum L.) is one of the important legume crops grown throughout the world. It has a high nutritional value as certain superior quality proteins like higher lysine content (Monti, 1983) . Also shelled green seeds are rich in proteins, vitamins and minerals (Mohan et al 2013). In Egypt, pea is a winter season vegetable crop. The cultivated area reached 41957 feddans in 2014/2015 season, yielded 171533 tons of green pods with an average of 5.325 tons per feddan.
Master B cultivar is an old cultivar of garden pea and is well known in the Egyptian cultivation. It has been cultivated for more than 23 years ago because of its superior features. Otherwise, many reasons are behind the decline this cultivar and lacking of its certain good attributes. The reasons involve on wrong agricultural practices, wrong procedures of seed production, cultivar formation where it was produced at the beginning from some homogeneous pure lines had collected together. Climate changes consider the most important factor affecting cross-pollination percentage in selfpollinated plants. So, the natural out-crossing rate has been affected hypothetically and positively by . These factors led to wastage of this good cultivar which became have a lot of variation of its attributes, therefore it became damaged.
The major challenges for Egyptian agriculture are loss of excellent old varieties as well as lack of improved varieties which possess high yielding and yield quality for achieve self-sufficiency and to face increasing human population. These challenges could be faced through breeding processes depend mainly on the presence of genetic variations which allow for an effective selection to obtain new lines, genetic improvement and perfect choice for the genotype installation. The superior pure line may use as a commercial variety therefore most the present varieties of self pollinated crops are pure lines.
Nosser (2011) and Bhnan (2013) used pedigree selection method for selection of some new lines of legumes and pea, respectively for high productivity and good pod characteristics, which is considered as new cultivars. Statistic significant differences among genotypes populations of garden pea indicated to presence of substantial amount of variation between the studied characteristics of genotypes in earlier researches carried out Hamed (2012) found that selection procedure led to increase pea traits means, i.e. number of days to flowering, green pod yield per plant, No. of pods per plant, No. of seeds per pod, average seed weight and pod length. Partitioning of total variability to its components which are heritable such as genotypic variance and non-heritable such as environmental variance is useful for knowing whether the superiority of selected traits is inherited by the progenies or not.
The large portion of phenotypic variance was due to the genetic variance in early segregating generations in garden pea (Hamed, 2012). Singh et al (1997) proceeded genetic analysis to estimate components of genetic variance. Significant estimates of both additive and dominance components were observed for all the traits, except for pod length. The direction of dominance was positive and significant for days to flowering, plant height, number of pods per plant and seed yield indicating the isodirectional nature of dominance. Amin et al (2010) stated that the highly heritable polygenic characters are plant height, earliness, number of pods per plant, pod length, number of seeds per pod and 100 seed weight but pod yield has low heritability. The worth to be mentioned that number of branches, earliness, number of pods per inflorescence, number of pods per plant, number of seeds per plant, seed weight and number of days to maturity and plant height had direct effect on yield. As shown by Habtamu and Million (2013), the estimated values of phenotypic variances were small in trait of No. of days to flowering but high in trait of seed yield. The highest genotypic variances were found for trait of seed yield. Otherwise the phenotypic variance was higher than genotypic variance in all studied characteristics as reported by Siddika et al (2013) . The highest phenotypic variance was recorded in seed yield. Meanwhile, genotypic variance value was the highest in 1000 seed weight followed by seed yield and plant height, indicating the greater magnitude of genetic variability for these traits. Higher environmental variance values of seed yield and plant height indicated that both seed yield and plant height were highly influenced by environment, but other traits were less influenced by environment (Georgieva et al 2016).
Wide differences between phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were found in traits of shelling percentage, No. of pods per plant, node at which first flower appears and pod yield per plant. This indicates that these traits had affected slightly more by environment (Sharma et al 2011). Low estimated values of PCV and GCV of days to 50 % flowering attribute suggesting small role for environment in the expression of these characteristics 
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of genetic variations present for certain characteristics and it alone is not sufficient for determine the heritable variability. Thence, the heritability gives only an idea about the proportion of total variability that is due to genetic causes. Hence GCV together with heritability estimates would give the best picture of the advance to be expected by selection ( . High heritability was observed for all the studied traits and the highest value was recorded by grain number per pod which was about 98.15% (Chadha et al 2008) . The results revealed high estimates of BSH % (above 60%) were observed for plant height (95.00), days to 50% flowering (95.00), yield per plant (88.00), pod length (72.00), 100 seed weight (70.00), No. of seeds per pod (69.00) and No. of pods per plant (62.00) (Saxesena et al 2014). Heritability estimate as BSH % provides guide for the breeder to be followed through selection procedures for improvement of these traits. But, when calculate estimated heritability and genetic advance together provide more useful results for predicting the effect of selection procedure which is done depending on phenotypic expression and expected genetic ad- . Study of plant characteristics associated with yield characteristic and associated among them are highly useful for plant breeders to get improvement through selection program depends on the proportionality between different characteristics for selection. Selection for any characteristic may affected positively or negatively by the related characteristics.
The yield is controlled by numerous genes, so all genes control yield components characteristics are responsible for yield, therefore the direct selection for yield may not be effective if selection is based mainly on yield alone considering it as a simple characteristic. It is apparent that seed yield in field pea can be improved by selection such The pure line selection procedure, within four populations of Master B cultivar, has been used in the present work in order to make use of the existing variation which appears in all characteristics for cultivar improvement. The aim of this work was to achieve two main goals. First goal is to obtain high yielding lines which could be used as new promising cultivars. Second goal is to obtain new lines with good characteristics that could be used as parents for further breeding programs for improving agronomic performance and pod yield and quality. That is through studying genetic variability, broad sense heritability, estimating the genetic advance and its estimate as a percentage of mean through two cycles of selection were done besides determination of the correlation existed among the various characteristics. Such study may help in developing yield and quality of pea.
MATERIAL AND METHODS
The experiment was carried out at Barrage Horticultural Research Station (BHRS), Kalubia Governorate, Egypt during the winter seasons of 2012/2013, 2013/2014 and 2014/2015 . 
Plant materials and experimental design

Statistical and genetic analyses
Analysis of variance was carried out according to Sendecor and Cochran (1982) .
Mean values were compared by the Duncan's multiple range test ( Duncan, 1955) .
The phenotypic and genotypic variances were estimated according to the method suggested by
Burton and DeVane (1953).
The coefficient of variations at phenotypic (PCV%) and genotypic (GCV%) level variation was calculated as the method suggested by Johnson et al (1955) .
Estimates of heritability in a broad sense (BSH%), genetic advance (GA) and genetic advance as percent of mean (GA%) were computed using the formula adopted by Allard (1960).
Simple correlation coefficients were calculated by depending on using the formula given by Singh and Chaudhary (1985) .
The data were statistically analyzed using SAS (2006) software.
In order to facilitate the description of different estimated parameters: The estimates of GCV and PCV were classified as low, medium and high by limits used by Kumar et al (2013b). The high heritability is above 60% was adopted by Basaiwala et al ( 
RESULTS AND DISCUSSION
Evaluation of the baseline populations
The magnitude of genetic variation existing in the base populations of the crop is pivotal to its improvement. Although pod yield and seed yield of certain crop are considered the ultimate goal of the breeder but these traits are the result of interaction of many other traits which influence them in direct or indirect way. To obtain a maximum gain in pod and seed yield variability existing within each component trait must be exploited by the breeder. Data in Table ( 3) revealed a wide range of variation between the individual plants within populations for all studied characteristics. Also the mean sum of squares due to genotypes exhibited significant differences for most of the characteristics under study, except No. of branches per plant, pod yield per plant and seed yield per plant. This indicates a substantial amount of variability between the studied genotypes for almost all the characteristics. These characteristics constitute together the yield Tables (4) and (5) display genetic parameters of the baseline four populations of pea through first and second selection cycles, respectively. Data revealed improvement of general mean of most of plant characteristics during the second selection cycle comparing to the first selection cycle. however general mean of No. of first flowering node, No. of branches per plant, pod length and pod width showed a slight decrease within second selection cycle compared to the first selection cycle. Therefore continue selecting procedure may result in pure breeded lines having valuable traits. These pure breeded lines could be used as parents for further breeding programs for improving agronomic performance, pod yield and quality. Furthermore, the differences between the obtained pure lines properties in growth characteristics, pod yield and quality could make them use as new promising cultivars especially the featured ones, as mentioned before by Nosser (2011) and Bhnan (2013). These results revealed that general mean of the traits reflects the effective role of selection and partially agree with findings of Hamed (2012).
Estimation of phenotypic, genotypic and environmental variances
Through the two selection cycles, data in Tables (4) and (5) showed that except shelling percentage trait, the estimated values of phenotypic variance of all traits were higher than their respective genotypic variance (heritable portion). Moreover, the estimates of genetic variances were higher than those of environmental variances (nonheritable) in addition to fewer differences between phenotypic and genetic variance. Therefore, the large portion of the phenotypic variance was due to the genetic variance so that selection can improve these crop traits. In this regard, germplasm genetic diversity determines the framework of selection in crop improvement. Furthermore, knowledge of genetic relations among agronomic traits is regarded to support considerable help to maintain genetic improvement to breeding program. 
Estimation of variation coefficient of phenotype, genotype and environment
The comparison between crop traits with regard to the extent of genetic variation could be better decided by the estimation of genotypic coefficient of variation (GCV) in relation to their respective phenotypic coefficient of variation (PCV) (Chakraborty and Chakraborty, 2010).Through the two selection cycles, the displayed data in Tables (4) and (5) showed that PCV values were higher than GCV values for all studied traits. Otherwise, the values of GCV were higher than those of ECV, for most traits except shelling percentage. Number of days to flowering exhibited moderate values of PCV (11.13%, 20.11%) and GCV (10.40%, 19.90%) for first and second cycle of selection, respectively. As well as the lower values of ECV (3.92%, 2.14%) and higher values of GCV / PCV ratio (0.93, 0.99) for two consecutive cycles of selection indicating the large role of genetics for Regarding shelling percentage within the consecutive two selection cycles, the estimated values of GCV (27.73%, 25.71%) were less than those of ECV (37.81%, 30.01%). Also minimal estimate value of GCV / PCV ratio (0.59 -0.61) indicate that shelling percentage is influenced strongly by the environment. When the environmental variance is greater than the genetic variance this indicates that the trait would be polygenic trait (Georgieva et al  2016) . These results disagree with the result of Sharma and Bora (2013) who found that the GCV was higher than the ECV for this character.
Estimation of heritability in a broad sense (BSH %)
The heritable variation with heritability (broad sense) estimates would give or serve as reliable indication of expected improvement through selection program (Johnson et al 1955) . Data in Tables  (4) and (5) Thence, these characteristics serve as a useful and effective guide to the plant breeders. Therefore, the improvement will be occurred through selection procedure based on these traits. These results are in agreement with earlier findings by
Chadha et al (2008) and Saxesena et al (2014).
The estimated heritability recorded moderate to high values for the characteristics No. of first flowering node (85.67%, 54.47%), pod weight (59.07%, 81.23%), weight of 100 seeds (52.58%, 76.25%), pod yield per plant (59.51%, 73.63%) and seed yield per plant (58.33%, 65.54%) through the two selection cycles, respectively. Sharma and Bora (2013) reported that heritability estimate provides guide for the selection procedure to be followed by the breeders for improvement of these traits under a given environment. For the characteristic of hundred seeds weight, the results are in consistent with those of Singh et al (2011) who proved that heritability values of these characteristics are moderately high. Also Basaiwala et al (2013) reported moderate heritability for the same characteristic. Tables (4) reported that selection may not be rewarding for shelling percentage and No. of first fruiting node, therefore other breeding methods should be taken for improvement of these traits. Higher heritability along with moderate genetic gain for nodes to first flower was indicating a preponderance of additive effect. This suggests that the selection might be effective in the further improvement of this trait (Kumari et al 2008) . The obtained results confirmed that the characteristics which possessing higher GCV, higher heritability and genetic advance could be effectively used in selection as it had been suggested by Johnson et al (1955) who reported that characteristics with higher heritability coupled with higher genetic advance would response to selection better than those with higher heritability and lower genetic advance.
Estimation of expected genetic advance
Data in
The characteristics which exhibited higher heritability coupled with higher genetic advance for the two consecutive cycles of selection were plant length, No. of branches per plant, pod length, pod width, pod thickness, No. of seeds per pod, weight of seeds per pod and No. of pods per plant.
This suggesting the potential improvement in pea yield would be achieved through selection for these characteristics and indicating role of additive gene action in the expression of these traits. Most of these results are in agreement with those reported by Chaudhary and Sharma (2003) 
Assessment of selected lines
Analysis of variance was measured to determine the degree of variability between the obtained materials from selection program. The materials are consisted of twenty selected lines which were selected from the four baseline populations, and the four bulk populations as well as the check cultivar Entsar1 (Table 6 ). The mean sum of squares due to advanced breeding lines showed significant differences for all studied characteristics at 1 % significance level, except shelling percentage which showed significance at 5% level. So these findings indicate the ample scope of selecting promising lines from the present gene pool for yield and its components. Significant differences were observed between the examined material by the researchers Dursun (2007) 
Mean performance of selected lines
Growth characters
Data in Table (7) showed that the selected K1 line gave the highest average of plant length (72.13 cm) but the least average of plant length (40.87cm) was conferred by check cultivar. Among all the tested genotypes, the selected G1 line exhibited the highest value for No. of branches per plant (2.96) followed by check cultivar (1.72) while the least No. of branches per plant was found in bulk populations KB and NB (1.09). As shown in Table ( Means in the same column followed by the same letter are not significantly different. K1-K2-K3-K4-N1-N2-N3-G1-G2-G3-G4-G5-G6-G7-H1-H2-H3-H4-H5-H6: The selected lines. KB-NB-GB-HB: The four bulk populations. ch: The check cultivar Entsar1.
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Arab Univ. J. Agric. Sci., 25(1), 2017 189 characteristics compared to bulk populations and check cultivar proved that the twenty selected lines showed less requirements of No. of days to flowering significantly comparing with the bulk populations and the check cultivar. The required days to flowering ranged between 41.36 days in K4 line to 38 days in K2 line, while ranged between 42.84 to 42 days in bulk populations of KB and GB, respectively and 42 days in check cultivar. The G1 line gave the least average of No. of first flowering node (8.50) but the highest average of first flowering node (9.92) was obtained in bulk population HB. While check cultivar bears the first flower at average node number of 9.17.
Yield and its components
Data in Table ( 7) showed significant variation in pod length between the tested genotypes. Thence, the longest pod (11.20 cm) was obtained by check cultivar followed by the H3 line (10.28 cm) while K4 line gave the shortest pod (7.57 cm). Check cultivar gave the highest average of pod width (1.46 cm) followed by selected G7 line (1.38 cm) while the lowest significant average of pod width (1.19 cm) was recorded by KB, N2 and NB genotypes. Check cultivar gave the highest average of pod thickness (1.18 cm) followed by the N1 line (1.06 cm), while the bulk population NB gave the lowest significant pod thickness (0.90 cm). The significant highest value of pod weight among all tested genotypes was recorded by check cultivar (9.74 g) followed by H3 line (7.52 g) while NB population showed significant least value of pod weight (4.71 g). Data in Table (7) showed that the significant highest value of No. of seeds per pod was conferred by K3 line (8.60 seeds), while the significant lowest value was exhibited by K4 line (6.78 seeds) compared to check cultivar which recorded average 7.55 seeds per pod. As for weight of seeds per pod, the significant heaviest seeds per pod were borne by check cultivar (3.57 g), H3 line (3.27 g) and N1 line (3.19 g), and the differences between them was not significant. While the lighter seeds per pod were achieved by the NB (1.95 g), HB (2.19 g), KB (2.21 g) and K4 (2.32 g) genotypes, and the differences between them was not significant. The highest significant value of No. of pods per plant was exhibited by H3 line (18.61) and K4 line (17.88). Meanwhile, the least significant value of pod number per plant was exhibited by GB line (4.80) but the median pod number per plant (6.03) was recorded by check cultivar. As for weight of 100 seeds, the highest significant value was obtained by check cultivar (47.34 g) followed by the N1 line (41.74 g) while, the NB bulk population gave the lowest significant value (27.93 g) of weight of 100 seeds. As for shelling percentage, G5 line exhibited the highest significant percent (50.19 %) while the check cultivar gave the lowest significant percent (38.16%) of this character.
Concerning pod yield per plant, data in Table  ( 7) showed that H3 line recorded the highest significant value of pod yield per plant (138.43 g) but GB bulk population recorded the lowest significant value (27.54 g.) while check cultivar (59.24 g.) located immediately before GB population. With regard to seed yield per plant, data in Table (7) showed that H3 line recorded the highest significant value of seed yield per plant (58.37 g) while the lowest significant values were obtained by GB population (12.04 g) and check cultivar (21.46 g).
Data could be summarized that the studied characters exhibited heritability rate ranged from medium to high for two consecutive cycles of selection. This implies that these characteristics are stable in facing the environmental changes except shelling percentage which was greater influenced by the environment. The characteristics of days to 50 % flowering and days to first harvest exhibited heritability of medium to high level, indicating that selection in segregating generation could be effective for evolving early maturing genotypes (Sharma and Sharma, 2012).
In order to determine which selected lines are suitable for commercial vegetable production as promising cultivar or as parents for further breeding programs, the scoring points were used and each studied characters was given a score from 1 to 5, except pod yield per plant and seed yield per plant that were given a score from 1 to 10, thence these traits are considered the main target of agriculture production. Flowering and yielding characteristics as No. of days to flowering and No. of first flowering node along with green pod characteristics as pod length, pod width, pod thickness, pod weight, No. of seeds per pod and weight of seeds per pod were more preferable characteristics that should be improved in the new cultivar. Therefore, earliness yielding along with better green pod characteristics are considered the main demands for producer and consumer. The evaluation of these lines for further breeding programs adopted the sum total of all studied characters, thence greater emphasis should be given to all characteristics for yield improvement through breeding programs.
Ron et al (2005) used pod characteristics to indi-
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cate the quality for fresh pod production and use nine significant quantitative attributes for global quality including earliness. Depending on the results of scoring points for studied genotypes as shown in Table (8) , all selected lines showed superiority compared to the baseline sources for all the traits, generally, which underlines the importance of the selection in improving the qualities of cultivars. Some of selected lines outperformed in total score of the traits comparing with the check cultivar as presented. The selected genotypes H3, G7, N1, N3, G2, G1 and K2 may be considered as promising cultivars because they have good pod characteristics with higher productivity and earliness in flowering. While, the rest of selected genotypes (K1, K3, K4, N2, G3, G4, G5, G6, H1, H2, H4, H5 and H6) could be used for improving characteristics of yield and its contributing traits through breeding programs.
Another goals were achieved under the present study, i.e. evaluation of different materials to obtain lines with high yielding along with earliness and identifying superior lines for breeding programs beside improve some studied characters using typical or some different breeding procedures. These results are fairly consistent with those of 
Correlation among studied traits
Correlation coefficients of studied traits for all tested genotypes are shown in Table (9) . At the beginning, it could be emphasized that pea yield consists mainly of pod yield per plant, pod number per plant, seed number per pod, seed yield per plant and average seed weight. Otherwise, the highest correlation coefficient value was recorded between pod yield per plant and pod number per plant as well as seed number per pod, seed number per plant and average seed weight as found by Krarup and Davis (1970) . The results of correlation between pea traits will be processed through many ways as follows: 1-Correlations between pod yield components and plant vegetative growth, i.e. plant length and branch number per plant: both of the two traits have higher heritability through two selection cycles indicating to the presence of additive gene effect. So that these traits can be improved directly through selection procedure depending on morphological variation. These traits was positively correlated with pod number per plant trait so selection for improving pod number traits indirectly improve both of plant length and branch number. Otherwise, plant length trait was negatively correlated with seed number and weight per pod but branch number trait was positively correlated with seed number and weight per pod. is preferable to study flowering and yielding traits each in separate work. Earliness of flowering through this work is easily improved despite the negative correlation with yielding traits, this is due to the less variability in earliness of flowering between baseline populations. Therefore, earliness of flowering trait, which Master B cultivar is featured, has been purified. 
CONCLUSION
Pea genotype characteristics used in this study showed moderate to high GCV along with moderate to high heritability which gave a good chance for improving these characteristics through selection procedure. Higher estimate of heritability in broad sense for studied traits with moderate to high GCV after two cycles of selection gives ample scope for further improvement especially for No. of pods per plant, pod yield and the seed yield and the results of the correlation analysis will be the best guide for this aim. This work presents the selected genotypes H3, G7, N1, N3, G2, G1 and K2 as promising lines could be handled as cultivars because they have good pod characteristics with higher productivity and earliness in flowering. Also presents the rest of the selected genotypes K1, K3, K4, N2, G3, G4, G5, G6, H1, H2, H4, H5 and H6 that could be used for improving yield and its attributing traits through future breeding programs.
